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Today‘s Menu &

= The LHC
= ATLAS and CMS
= Generic SUSY search signatures at the LHC:
= MSUGRA benchmark points at ATLAS and CMS
= 0,1, 2, 3-lepton modes
= Combined Reach for ATLAS and CMS

= Not covered:
= Tau, Higgs, Top, Bottom-modes, RPV

= GMSB searches:

= Prompt diphotons

= Non-pointing photons
= Massive slepton & R-hadron searches:

= Online and offline challenges
= Conclusion and outlook
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The Large Hadron Collider

1 2008‘“
1 O TeV @1 031 32cm'28'1
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~vacuum chamber

central detector

AN electromagnetic
calorimeter

AN hadronic
il calorimeter

Both ATLAS and CMS
are multipurpose detectors
armed for discovery

etector characteristics
Zé D h isti
Muon Detectors Electromagnetic Calorimeters - Width: 44m
\ \ - 4 Diameter: 22m
‘ <« || | Weight: 7000t

Y |

, !(\ T By —. i) Quite a development from
/== &£ = Y | \. initial ,,Huge brick with
muon chambers“-design!
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MSUGRA Benchmark Points
at ATLAS and CMS
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MSUGRA Benchmark Points

at ATLAS and CMS
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= Best expected mSUGRA reach at CMS
= Potentially high QCD backgrounds
s L1EFSM S 46GeV, Er > 88GeV, HLT: E2% > 200 GeV

= Cuts:

= 3 jets: s ) -
* Jit BTy = 180 GeV, gl <17 10 2y +mumﬁs:n%1 |
“ iy Erjo) = 110GeV, Iyl <3 & | LMT —zon
“ jgEr >30GeV, Inl<3 & — saco

n EIuSS 200GeV "

& Sehin (EB5S — jer) > 0.3 rad f

= Sp(EF™ —j(2)) = 20° N

= Noisol. tracks with pT > 15 GeV |

u fem[j[ljjl- fem{j{i}} < (0.9 1l]"§

= Hr = 500GeV =TT YRR P A g g s g

My (GeV)

Implicit lepton veto against tt, V+j
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= Use the dataset Z(— )+ 2 jets for normalisation:
= Estimate the Z(— vv)+ = 3 jets contribution from data:

. R — d*;‘l":rt't'Eﬁu“.-'

= N = L(— pp)+ 3 jets
= Ratio 01; -Z'(%* i) to Z(— vv)
= Require Z boson Pr = 200GeV in all samples
= Similarly, estimate W(— tv)+ =2 jets:

= Use:
“p= or{pp— Wi{—pv)+jets)
— o(pp—Z{—putpT )+ jets)

= Needed data sample:
= ~15fb!
= Estimate systematics due to
raw EXM= from data

=k
(=]
[

s
(=]
]

Inclusive Z+jats cross saction (pb)

10

Z+jets ALPGEMN205+Pythias.335+CKKW matching

Elopse =1 BRSO 0

IIII|IIII|IIII|IIII|IIIITIIIIl

1 2 3 4 5 6
N,
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= Di-jet search relatively new at ATLAS
= Using new variable my, (large pt, f'r and 4¢):

-m%g = min [lllﬂ}i{i‘ﬂrlpr -m_;}_rnmm.x} I‘.ﬂrlpg '?1{1‘}.3'”;3:”?*1:]'}]

ﬂ;}j-l-q{m—ﬁl]‘
= Trigger: E%?“ > 70 GeV and Fr > 70 GeV

= Cuts:

0 21etsmln{<25
P"’E > 150 GeV

; ,2 Pﬁf- > 100 GeV
Er > 100 GeV
= Ty > 400 GeV
= No isolated leptons

!

2

—y
(=]
o
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= Sensitivity very close to the 0-lepton mode
= Less prone to QCD systematics
= Trigger: ET" > 70 GeV and Fp > 70 GeV

= 1isolated leptonin|n|<2.5and pr > 20 GeV
No 2" lepton with pr > 10 GEV e veto |f I. Tf’{ |n| {1 52

4jetsin|n]|<2.5:
= j,o pr > 100 GeV
" jmig: pT =50 GeV

Er > 100 GeV

Er > 0.2Mg

St =>0.2

My = 100 GeV

Mg > 800 GeV

events / 1fb™
I IIIIIII| I IIIIIII|

m
e
9

ra

[

[
r
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cut

SU3 O SU3
. 1fb? e

[ I N B SR R R

1[}[}[}'15[![! 2000 2500 3000 3500 4[}[}[}

prahmmar}f ATLAS

= allBG

AW

¥z

uQcD
Di-boson

i

Effective Mass [GeV]
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= Semileptonic tt and W+j reduced due to Ay and Eycuts
= Describe the 7 distribution with data

s Slgnal region: HT?2 = 300 GeV ~

= Use 2independent variables: ,

= Fr/[0.49 - VY Er] and HT2 =
Define:

= Control region: HT?2 < 300 G&V

Not shown:
>10 studies
on tt, V+j, QCD

)]E“ +p le ptDn bgr. estimation

remove corr. btw Et and p]E“

| 1 fb'i hTLAS prahmmawnln III-
tE + Wi =

ol region

_— m@enred ttbar—W}atséL.IE"r’
& tue SUSY

«  true tthar=Wijats

&  astimated ttbar<Wjats

ATLAS
preliminary

Missing Et Significance

111 1111 N TR EEETE N [
20 25 30 35 40 45 5 0
signal|region

11 11 1 1 111 111 111 11 1 1 | 111 111 I 111 I_
5 10 JE 20 25 3[! 35 40 45 50
Missing Et significance




2-lepton Mode: same-sign muons (CMS)

= Striking signature

= Verylow SM backgrounds

= Thorough understanding of detector effects needed
= Trigger: HLT: 2 muons with pr > 7 GeV

= Cuts:
= 2muons with pr > 10GeV:
. 1000
= Track and calo isolated 20057 | | | | 'EMS i
. HM 1 =
= Quality cuts 200 !‘{H'M Ag=0,tanp=10, p>0
l . 5 -
s Er = 175GeV _ 700 =
2 o . =
o E{r = 130 GeV, S 600 wo 3
i _ & s00 —~_ "=
= ETS = 200 GeV 300 S /‘L@ '
T < |
200 - M7
100 N EWSE
I N A T N O O
%6500 1000 1500 2000 2500 3000 3500

My(GeV/c?)
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= Cuts: £

3-lepton Mode:

Direct Gaugino Production (ATLAS)

= Does not rely on jets at all
Arguably best channel for heavy strong SUSY discovery

= Very low systematlcs (around 5% in total)
= Trigger: p;~° > 25GeV OR ply 0~ 20 GeV

L

W ATLAS SU2

preliminary

leptons: pr =10 GeV :
- e:veto 1.37< | <1.52 1@
At least one OSSF pair
= 20 GeV < Mossr

3rd Iepton (highest P 1

‘ Il

- e: gf%ﬁﬁ:mw < 2 GeV 107720 40 60 80 100 120 140 160 180 200 220 240

= u thrac?t Tnax <1GeV MOSSF (after E™* cut) [GeV]
No 81.2 GeV < Mogsp < 102.2 GeV
pr > 30 GeV

10

T IIII|T|| T IIIII|T| IIIIIIII|

— 11 IIIIII| 1 IIII|,|]| IR T
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A,=0,u>0, tanp =10, 50 contours (incl. systematics)

1000 —
= Assumed uncertainties (ATLAS): ,,E:ts? tang =10, A, =0, >0 CcMs
— with systematlcs
= QCD: 50% .- m=1206V 4 fly-1
> T T T it ets O leplon < soof- T e
o 100055 -ATLAS “ . % - — . ss2y
- preliminary wenr 4 jets 1lepton ¢ E - osal
\-C:l 5T s 5 aiscovery ......~4jets2 lepton: = g Y I 21
E:: b MSUGRA unﬁf10 - 1_jet 3 leptons 400 E_ A - - - ;:ggs
800 . 1 fb'1 1] - S it Pttt N [ top
s~ ' Em, S1TAGeY ~ — ot s T Y
g} vl \ ‘ TaV) w0 B “‘-,_‘__ _
Em, =103 GeV - -
600 i 10E \ NO EWSB
o un_l 1 |2'I'.|lﬂll 1 Id-ﬂlﬂl 1 |u|m| 1 |“!m| 1 Ilﬂlﬂﬂl 1 II!LUI 1 IM!DIII I‘Iill'.ll:l: 1 ‘IIB'LII'I I IiﬂLD
i ol m, (GeV)
400+ = Beware:
2 e G e, : = Different significance
2002451, oy e T definitions!
- TOSTR Ga  enmereee T = CMS: syst. uncertainties
) 1 1 1 | 1 1 1 1 I 1 1 1 1 Il‘l 4 g 2 ‘J ' 1 i 4 l{ ) L 2 3 H -1
O 500 1000 1500 2000 2500 3000 estimated for 10 fb
 (GeV) (except 0-lepton: 1 fb)

SUSY Searches at the LHC Oleg Brandt, Univ. of Oxford



= Gauge Mediated Symmetry Breaking (GMSB) parameters:

N=1 tang=1 sgnu=1 M, =2\ A =140TeV
= Trig:p; > 80GeV 3 i TTIITT
g 2 3 ach multi-j-&_ts _:
= Cuts: :.imf Elaioneroig.
. S [ CMS prelim. 7
| 1 photon. E‘“% 10 fb_1_§
= pr>80GeV g [ ® i'"""""'"'""E.'ség'n;|';;1'n'n;£n"§
. S E 9,02 [ OCD multiets
= Track-isol. g B ) roar ncusne
1['_1:_ ':E L all other ",;l. n
= 4jets: I g“‘g‘ I_I_I_ CMS prelim. 3
: F 10 fb
" s |'r;rl~?| < 1.7 %50 200 ‘300 400 'mn"h'n‘:'1';'-&i"n':' = — E
LA, cut G2 E i
Jomig:pp = 50GeV Rk bn-| ]
s PSS S 160GeV b ct = 100em 1
B Dein (pmiss 40y 900 L
Pmin(pr 'pT)’} 20 0 oo 500 '.ulml'i'uu 500 600 700 800
= Cuts based on v cut ;' [GeV]
-ST,-',-' l-g # 1 - ’ ] y f
COVy, = ( o ‘f” Suw = 7~ E B (g — (1) (v — (v)
o = T =1
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luminosity for 5a discovery (fb™

=k
e R o R L I N + = B < = R

D_I..

40

A non-pointing photons
pointing photons

* [poth channels

I I
CMS preliminary
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Leptonic (Quasi-) Stable Massive Particles and

R-hadrons (ATLAS)

= Many models predict massive leptonic stable particles, eq
A [TeV] My, [TeV] M; [GeV] Ny tand argp  oLo [pb
30 250 102.3 S + 21.0
= Signature: penetrating tracks with high pr, low 3

= Signal in parts of detector in different bunch crossings:
= Online:
= L1: require regular muon high pT1 trigger (95% efficient)

= L2: use TOF information from RPC’s (barrel only, ~60% eff.)
pr > 40GeV, 3 <097, m > 40 GeV

H.[H:l.llll|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|Illl: IIIIIIIIIIII |IIII|IIII|IIII|IIII: 1

ATLAS 1 [ATLAS 1 e ATLAS mass @ L2
7o0f preliminary 3 10°F preliminary . £ o 0.5 fb-"

[ 7 b 1]

600 g F rrrr 700
00k —- slapton _ - |-— sleptan JI - a0

F — L3 3 108 [—muan - :
400F 3 : rf,("ﬂ 5 50
3|].|:|; — [ I__u_|'|_|‘r|-|-d ] .“]q'

: ] 10F = 200
200f 3 :mﬂﬂﬂ‘
100 3 - 0

s e T 100

ﬁuau mu15020&25&30035&40045&5&0 b4 05 us 0? ue. ua 1 14 % 80 @ 106 120 140 i80  1@d 200

P [Gavid i mass | Gev)




Leptonic (Quasi-) Stable Massive Particles and

R-hadrons (ATLAS)

= Dedicated muon-like reconstruction
= Like at L2 with (3 and mass constraints
= Minimise ¥y wlir/t hit position and time of arrival

= .E 800

220000 ATLAS J'[

ATLAS
E1m§praliminar}f To0fpreliminary

@

avanis'b

1600

: 600
1400t
- 500
1200F
1000F- 3 — [ o0
: J .dtrue
M 0
800F-
: 200
400F
200F 100

:||||J----|- AERIRRETE Ao FUETY Lo liy)
-'EEE 04 0.3 -02-01 0 01 &2 0.3 04 05 *I: 20 40 &0 80 40D 120 140 160 4180 200
i - brue reconstructed mass (Gal]

= R-hadrons: quasi-stable massive gluinos / squarks
= Approx. 20 nuclear interactions traversing ATLAS

= Charge flipping effects / neutral fractions of particle path!
= Track stubs / unmatched track segments
= Use various signatures covering cases above
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Conclusion / Outlook &

= ATLAS and CMS well prepared to look for SUSY:

= Generic signatures:
= Analyses ready based on:
Hadronic activity
Leptonic activity
= Background estimation methods from data developed
= More exotic signatures:

= GMSB in good shape:
Prompt / non-pointing photons
Massive sleptons

= R-hadron work progressing well
= Good prospects for discovery with 1 fb* (if Mg, 5, < 1TeV)
= Looking forward to first data!
= 10 TeV run 2008 -> commisioning
= 14 TeV and higher luminosity for 2009 expected!

= Expect the Unexpected!
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Definition of Kinematic Variables

N
m _ lep.i
M.y > o™+ Er
=1
4 highest pT jetsin|n| < 2.5
2A5 . . .
= Sp= - with A, \> eigenvalues of S;; pt
T+ ) 14z €9 I kil

all jets with pr > 20 GeV and leptons in || < 2.5

= may  (PF. p«}ipfr ma,mg,m, ) defined in:
= C. Lester, D. Summers, Phys. Lett. B463 (1999) 99
= A. Barr, C. Lester, P. Stephens, J. Phys. G. 29 (2003) 2343

= CMS:

" Hr=E7o)+Etay+ ETg) + ET
= Where 2, 3, 4 index selected jets sorted by p
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= ATLAS:
= Probability for bgr. to fluctuate to Ngy,, (all with ROOT):

= e hpi

p—Af dbG(b:Ny,5Ny) Y
i=Niam

= With G Gaussian and norm. A = fa’bG (b:Np,8N;) Y e °b' /i!
=0

/! —1

= Then number of standard deviations:
Z,=+2erf'(1-2p)
= For multiple measurements use “Monte Carlo Method” corr.

= CMS:

= Program to calculate stat. sign.: ScPf
= Approximation:

Selas =2 (‘/7 I) b+abﬂ

= Gaussian background uncertainty assumed
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MSUGRA at ATLAS and CMS

Point | mqg | myyo | tan 3 | sgn(p) | Ao
LM1 60 250 10 + 0
LM2 | 185 | 350 35 + 0
LM3 | 330 | 240 20 + 0
LM4 | 210 | 285 10 + 0
LM5 | 230 | 360 10 + 0
LM6 | 85 400 10 + 0
LM7 | 3000 | 230 10 + 0
LM8 | 500 | 300 10 + =300
LM9 | 1450 | 175 50 + 0
LM10 | 3000 | 500 10 + 0
HM1 | 180 | 850 10 + 0
HMZ | 350 | 800 35 + 0
HM3 | 700 | 800 10 + 0
HM4 | 1350 | 600 10 + 0

My [GeV]  My5[GeV] A [GeV] tand argp  oro [ph]

sU1 70 350 i 10 + 8.15
SUZ 3550 300 ( 10 + 5.17
SU3 100 300 -300 6 + 20,85
SU4 200 160 -400 10 + 294.46
sSU6 320 375 0 50 + 4.47
sUS1 210 360 i 40 + 6.48
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Early SUSY measurements with 1 fb-1

(if Mg sy <1 TeV)

= Need to measure SUSY parameters once discovered
= Example: dilepton edge in decay chain a la:
gL — Ba(— 0T q) — X0t g
= Three options:
= (SU4): m; > myo: 3-body decay with endpoint m,,
= (SU3): My Mgy < M. 2-body decay with triangular shape:

Edge = m — M
— ) TR

2 7
d Mz =0 =
;H:TEE — ;HESJ ] — (_‘E) \/1 — (i

= (SU1): My, g M1 < migy: 2-body decays, double-triangle
= Control SM background by flavour substraction:

= N(eTe™)/B+BN(utu™)—N(e*u¥) (B =0.86 eff. correct’n)
= Re-optimise selection wir/t the end point:

= Use as figure of merit (from data):
S = (N(OSSF) —N(OSOF))/+/N(OSSF )+ N(OSOF)
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Entries/ 4 GeV/ 1 fo' ®

Entries/d GeV/ 1 fb’

| After re- optlmlsatlon of cuts

Early SUSY measurements with 1 fb-1

(if Mg sy <1 TeV)
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= GMSB point looked at:

NLO (LO) o [pb] | A [TeV] | M,, [TeV]

Ce

cT [mm)]

M 70 [GeV]

1.8(5.1) 90 500

1.0

1.1

118.8

= Rich signature: ff’ - }!5.: 49% (16% )of events have 1 (2) Y

= Trigger: g55 OR 2g17i:

P

= Cuts: 2

= 1 or 2photons: gi:
- pr >20GeV }
n| <25 N

= 4jets:

I . L I
ATLAS preliminary

1 b

n j1IPT = 100 GE\!} ¢
* ju: P > 50 Gev

« Ep > 100 GeV

M ET > 209 - Mg

SUSY Searches at the LHC

10k

E L
ILAS preliminary

g

—
= GMSB1

1o 22
—o— -ﬁ E
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Number of events (1 fb-1)

= Semileptonic tt and W+j reduced due to Ay and Eycuts

= Aim mostly at controlling dileptonic tt
= Use 2independent variables: ,

E1/[0.49
Define:

= Control region: HT?2 < 300 G&V

= Signal region: HT?2 = 300 GeV

lepton

VY Er] and HT2 = i’ P+ pr
remove corr. btw Kt and p]E“

|||||||||||||||||||Il||||||||
® HT2< 300 GeV. Rescaled _g

—— HT2= 300 GeV

ATLAS
preliminary

Number of events (1 fb-1)

o trua SUSY
«  true tthar=Wijats
&  astimated ttbar<Wjats

_— mse nr-ad ttbar—W}atséL.IE"r’

ATLAS
preliminary

50

E| L1l L1 Lil11 Lil11 L1 1 Ll L1l L1 1 | L1 ’_h L1 |- _I 111 | 11 1 | 1 111 | 1111 I 11 1 | 11 I 111 I 1111 I 111 ]
0, 5 5 20 25 30 35 40 45 50 D_ 5 10 45 20 25 30 3|5 4[}. .d.‘ﬁ
8|gnal region Missing Et significance slgnal region Missing Et significance
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